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Highly Pathogenic Avian Influenza A(H7N9)
Virus, Tennessee, USA, March 2017

Technical Appendix

Methods for Genome Sequencing and Phylogenetic Analysis

Nucleotide Sequencing

Complete genomes of 12 highly pathogenic and 10 low pathogenicity avian influenza
viruses were sequenced in this study. We extracted viral RNA from samples using the MagMAX
Viral RNA Isolation Kit (Ambion, Austin, TX, USA) and synthesized complementary DNA by
performing reverse transcription with SuperScript 111 (Invitrogen, Carlsbad, CA, USA). We
amplified all 8 segments of the isolates by PCR and conducted complete genome sequencing
using the Miseq system (lllumina, San Diego, CA, USA) and lon Torrent Personal Genome
Machine (PGM) (Thermo Fisher Scientific, Waltham, MA, USA). For the Illumina Miseq
system, the Nextera XT DNA Sample Preparation Kit (Illumina) was used according to the
manufacturer’s instructions to generate multiplexed paired-end sequencing libraries. The dsSDNA
was fragmented and tagged with adapters by Nextera XT transposase and 12-cycle PCR
amplification. We purified fragments on Agencourt AMpure XP beads (Beckman Coulter,
Fullerton, CA, USA) and analyzed them with a High Sensitivity DNA Chip and Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA). The barcoded multiplexed library sequencing
was performed by using the 300 cycle MiSeq Reagent Kit v2 (Illumina). For lon Torrent PGM,
we purified the PCR product and prepared the DNA libraries with the lonXpress Plus Fragment
Library Kit with lon Xpress barcode adapters. Prepared libraries were quantitated using the
Bioanalyzer DNA 1000 (Agilent Technologies). We diluted the quantitated libraries and pooled
them for library amplification using the lon One Touch 2 System and Enrichment System.
Following enrichment, DNA was loaded onto an lon 314 or lon 316 chip and sequenced using
the lon PGM 200 v2 Sequencing Kit. De novo and directed assembly of genome sequences were

carried out using the SegqMan NGen v4 program (http://www.dnastar.com/t-nextgen-segman-
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ngen.aspx). Nucleotide sequences were deposited in GenBank (accession nos. KY818808-
KY818839 and MF357713-MF357856).

Phylogenetic Analysis

We generated maximum-likelihood phylogenies of each gene segment using RAXML and
the general time-reversible nucleotide substitution model, with among-site rate variation
modeled by using a discrete gamma distribution (1). We generated bootstrap support values
using 1,000 rapid bootstrap replicates. We performed Bayesian relaxed clock phylogenetic
analysis of the hemagglutinin (HA) gene using BEAST v1.8.3 (2). We applied an uncorrelated
log-normal distribution relaxed clock method, the Hasegawa—Kishino—Yano nucleotide
substitution model, and the Bayesian skyline coalescent prior. A Markov Chain Monte Carlo
method to sample trees and evolutionary parameters was run for 50 million generations. At least
3 independent chains were combined to ensure adequate sampling of the posterior distribution of
trees. BEAST output was analyzed with TRACER v1.4 (https://beast.bio.ed.ac.uk/tracer) with
5% burn-in. A maximum clade credibility tree was generated for each data set by using
TreeAnnotator in BEAST. We used FigTree v1.4.2 (https://tree.bio.ed.ac.uk/) to visualize trees.
To better visualize the genetic relatedness of viruses, all available full genome sequences were
concatenated, with the highly pathogenic avian influenza virus modified to remove the
nucleotide insertion at the HA cleavage site, and analyzed using the median-joining method
implemented by NETWORK v5.0 (3).

Serology

Any antibody detection by National Poultry Improvement Program—authorized
laboratories using influenza A serologic testing (ELISA or agar gel immunodiffusion test) was
forwarded to the National Veterinary Services Laboratories (Ames, lowa, USA) for confirmation
testing by HA (H1-H16) and neuraminidase (N1-N9) inhibition testing.
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Technical Appendix Table. Avian influenza viruses used in study, Tennessee and Alabama, United States, March 2017

Site Date collected Virus strain designation County Pathotype

A 2017 Mar 3 Alchicken/Tennessee/17-007147-1/2017(H7N9), Lincoln HPAI
Alchicken/Tennessee/17-007147-2/2017(H7N9),
Alchicken/Tennessee/17-007147-3/2017(H7N9),
Alchicken/Tennessee/17-007147-4/2017(H7N9),
Alchicken/Tennessee/17-007147-5/2017(H7N9),
Alchicken/Tennessee/17-007147-6/2017(H7N9),
Alchicken/Tennessee/17-007147-7/2017(H7N9)

B 2017 Mar 13 Alchicken/Tennessee/17-008152-1/2017(H7N9) Lincoln HPAI

B 2017 Mar 14 Alchicken/Tennessee/17-008279-2/2017(H7N9), Lincoln HPAI
Alchicken/Tennessee/17-008279-4/2017(H7N9),
Alchicken/Tennessee/17-008279-5/2017(H7N9),
Alchicken/Tennessee/17-008279-6/2017(H7N9)

Cc 2017 Mar 6 Alchicken/Tennessee/17-007429-3/2017(H7N9), Giles LPAI
Alchicken/Tennessee/17-007429-7/2017(H7N9)

C 2017 Mar 6 Alchicken/Tennessee/17-007431-3/2017(H7N9) Giles LPAI

D 2017 Mar 12 Alguinea_fowl/Alabama/17-008272-2/2017(H7N9) Jackson LPAI

E 2017 Mar 15 Alduck/Alabama/17-008643-2/2017(H7N9) Madison LPAI

F 2017 Mar 14 Alguinea_fowl/Alabama/17-008645-2/2017(H7N9) Jackson LPAI

G 2017 Mar 14 Alguinea_fowl/Alabama/17-008646-1/2017(H7N9) DeKalb LPAI

H 2017 Mar 19 Alchicken/Alabama/17-008899-10/2017(H7N9), Cullman LPAI
Alchicken/Alabama/17-008899-11/2017(H7N9)

H 2017 Mar 17 Alchicken/Alabama/17-008901-1/2017(H7N9) Cullman LPAI

*HPAI, highly pathogenic avian influenza; LPAI, low pathogenicity avian influenza. Six additional premises in Alabama, Tennessee, Kentucky, and

Georgia were identified as H7N9 LPAI affected, but insufficient viral RNA prevented virus sequencing and analysis.
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Technical Appendix Figure 1. Outbreak map of H7N9 low pathogenicity (yellow) and highly pathogenic
(red) avian influenza.

Technical Appendix Figure 2 (following pages). Maximum-likelihood phylogeny of H7N9 virus genes
A) hemagglutinin, B) neuraminidase, C) polymerase basic 2, D) polymerase basic 1, E) polymerase
acidic, F) nucleoprotein, G) matrix, and H) nonstructural. Numbers along branches indicate bootstrap
values >70%. Brackets indicate the genetic subgroups. Scale bar indicates nucleotide substitutions per
site. The following 4 symbols were used to indicate avian influenza H7N9 viruses: black circle for highly
pathogenic H7N9, open circle for low pathogenicity H7N9, black triangle for A/blue-winged
teal/Wyoming/AH0099021/2016, and open triangle for A/blue-winged teal/Saskatchewan/109-701/2016.
HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA, polymerase

acidic; PB1, polymerase basic 1; PB2, polymerase basic 2.
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L Alblue-winged_teal/Ohio!15085135/2015(HINS)
l— Almaitard_duck/Ohio/150S5289/2015(HSN2)

Affeces/Minnesota/AHO017578/72015(HTN3)
Aimallard/Minnesota/AHODBS348/2015(HTN3)
- Aimallard/Ohiol130S5188/2013(H10N8)
Amatard/Ohio/13085191/2013(H10N8)

Almatlard_duckiOhio/150S7675/2015(HTNT)
Afmallardiidsho/AHO0011522/2015(H7N7)

411 10 Alduck/Pennsylvanial15-030188-172015(H7NT)
ol |— AmallardMaryland/130S3035/2014(H10NT)

| Ablue-winged_teal/LA/AN3-23872013(HTNT)
94

Alblue-winged_tealLA/AI3-1782013H7NT)
g || Alblue-winged_tealL A/AI13-14202013(H7N7)
g5 ABO-HiNgOd_IoalLAAIT-1402013(HTNT)

| Alblu-winged_toallA/AI13-1338/2013(H7NT)
- Awood_duck/Wisconsin/1 10534437201 1(H11N9)

__[— AMexicoinDRET218/2012(HTNS)
b L AvchickentJalisco/CPA1/2012(H7N3)

= inged_t 2012_(H11N3)
— r Afblue-inged_teal/Guatemala/CIPO49H101-24/2011(HING)
8) L Amorthem_shoveler/Guatemala/CIPO49103-05/2011(H1N3)
A/malisrd/UtalVAH0020890/2015(H7N3)
A Ablue-winged_teal'SK/109_701/2016(H7N9)

nged_tealMB/111_

100L— Alcinnamon_teal/California/AH0079011/2016(H7NS)
Alturkeyfindiana/16-001403-1/2016(HTN)
Alurkeyndiana/16-001574.7720 16(HTNG)

- 0L Aturkeyindiana/16.001573.2/2016(HTNG)

5|* AMlesser_scaup/Kentucky/AH0012835/2015(H7NB)

|- A/American_wigeon/CalforniallDC111/2014(HaNg)

L Abufiehead/linois/ 14083567120 14(H4N8)
Albutfiehead/lllinois/120S4798/2012(N8)

"L Alsnow_goose/Delaware/120S3766/2012(H1IN1)

Amaard Missour350/2009(H11NS)
Anorthem_pintaliAlaskalUGAI15-7567/2015(HEN2)
A/mallard/Kentucky/AH005181172016(HTN3)
Almalard/Kentucky/ AHO051806/2016(H7N3)
Almaliard/Kentucky/AHO051797/2016(H7N3)
Acinnamon_teal/California/AHO093650:2016(H7NS)
.qNWWW._B!MIW)
Arod_knotDolawars_Bay221/2015(HTNS)
(~ Alshorebird/Delaware_Bay/344/2015(H7N3)

 Alshorebird/Delaware_Bay/49272015(H7N3)
1001 Arruddy_tumstone/New_dersey/UGAI15-393372015(H7N3)
Aruddy_tumstoneiNew_Jersey/UGAI15-4215/2015(HTNS)
Ashorebird Delaware_Bay/58212015(HTN3)

94 Alruddy_tumstoneiNew_Jersey/UGAI5-423772015(HTN3)
Afshorebird/Delaware_Bay/62/2015(HTN3)
Aldunin/Delaware_Bay/281/2015(HTN3)
Alsandering/Delaware_Bay/28012015(HTN3)
Afruddy_tumstone/Now_Jersey/UGAI1S-2958/2015(H7N3)
88— Achickon/Texas/9636-372014(HBN5)

n Ablus-winged_teal/SK/109_15952016(HTNE)

1L AnmatardMarytand/110S906/2011(H12NS)
o

i_tealNorth_{
L Ablue-winged_tealiAertal387/2007(HING)

o

94| — Amaitard/Alberta/S902010(HTNE)

) X
Aimallard/Caifornia/296
5 uzo? 1(H2N3)

o 3
8] Anorthern_pintaiVNevada/AH0033473/2015(HINS)
5]~ Alcinnamon_tealUtsh/AHO06T 154/2015(HTNT)
9L Anorther_shoveler/Caifomia/AHO0S5278/2015(HTNS)

A/Shanghaii1/2014(H7NS)

£
1 ABeijing/1/2013(HTN9)

North American Lineage

H7NS/China
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(E) PA

@ Alchicken/Tennessoa/17-007147-1/2017(HTNS)

'Y 7147.
° 00827
@ Achicken/Tennessoa/17-007147-472017(H7NG)
'Y 7

74 @ Alchicken/Tennessos/17-008279-5/2017(HTNS)
°
° 007147-
@ AlchickenTennessoa/17-007147-672017(HTNS)
'Y 007"

@ Alchicken/Tennessea/17-007147-5/2017(HTNS)
@ Alchicken/Tennessee/17-008152-1/2017(H7NS)
o] )

O Alchi 007429-7._org

O Alchicken/Tennessee/17-007431-372017(H7N9)
'O Arduck/Alabamal17-008643-212017(HTNS)

1003 O Aschicken/Alabama/17-008899-10/2017(H7NS)
O Alchicken/Alabamal1 7-008901-172017(H7NS)

'O Alchic 008899-11_ori

11O Aguinea_fowlAlabamal17-008645-212017(HTNS)
L O Alguinea_fowlhlabamal17-008646-1/2017(HTNS)
SN0 aiguines_fowlAlabama/17-008272-272017(HTNS)
wi-A

| A Alblue-winged_teal/SK/108_70172016(H7NS)
Albluo-wingod_toal/inois/150861522015(H3N1)
[-Nm_mvcmmmmmnnm

I A/American_wigeon/Utah/AH0087123/2015(H7N7)
- Afmallard/Ohio/160S0620/2016(H10N7)

3% WAmerican_green-winged_toal Texas/AHO040242/2016(HTN3)

AlAmerican

AlAmerican_green-winged_tealToxas/AHO0S7366/2016(HTNZ)

Alnorthern_shoveler/Louisiana/AH0036366/2016(H7N3)

1958 | Alorthom_shovelerLouisiana/AH003636472016(HTN3)
AlAmerican 1
| Amatard_duckWisconsin150S7136/2015(H11N9)
AAmerican, inged 3 : nN3)

Alblue-winged_tealllowal130S2345/2013(HINS)
L Almallard/Ohiol140S0881/2014(H10N7)

|- AlAmerican_green-winged_teslOhio/13052097/2013(HEN8)
Ablue-winged_teallowa/130S2337/2013(HANS)
 AlAmerican_green-winged_teallOhiol13052090/2013(HEN2)
1] Alus-winged_tealllowa/13052368/72013(HéN8)

A/mallard/Ohio/140S3363/2014(H2N3)
Aimailardidaho/AHO01152272015(HTNT)
88| | Amatara_auekioniortsosTe7s2015HINT)

PO — Ainothom_shovoleriCaliformia/AHO07937 1/2018(H7NS)

Aduck/Pennsyivanial15-030188-172015(H7NT)

95 | Acinnamon_teal/Utah/AHO08T 15412015(H7NT)

'“‘i Aeinnamon_teaiCalfornial/AH0079011/2016(H7N9)
Amallard/Utah/AHO020452/2015(HTN4)

Asnow_goose/Delawarel12083778/2012(H2N3)

r.m..umumsosmmm»

Ablue-winged_tealOhio/1205212372012(HIN2)

Abluewinged_tealOhio/1205224472012(HANE)

[~ Almalard/Maryland/14081306/2014{H10N3)
S

[ Anorem 1_pintai_duckiOhio/150S5737/2015(HANS)

{_tealiSK/109_t

b | Almallard/Ohio/14083201/2014(H4N6)
Amllard/Wisconsin/14052282/2014(HANS)
AAmerican_black_duckiOhio/1405266172014(HIN2)
I- AlmattardiMaryland/120362972013(H7N3)

I

Almallard/Wisconsin/110S4362/2011(H11N3)
Almallard/Ohio/1 1082239/2011(HSN2)
Awood_duck/Wisconsin/110§2912/2011(H3NG)
Almallard/Winois/1 10841217201 1(HEN2)

teall

X 10-36/2012_(H11N3)
Anorthem_shoveler/Calfornial3887/2012(H11N8)
Ablue-winged_teallGuatemala/CIPO4GH1 13-532013(HSN3)

00 [~ A/northem_shoveler/California/AHO055278/2015(H7NS)

ANorthem_shoveler/Utah/AHO007941/2014(HTN3)
Alblue-winged_tealLA/AI13-14122013(H7N7)

100] Abluc-winged_teallLAVAI13-143572013(H7N7)

{

372011_(HN3)

g0 Amallard_duckiOhiol1508430912015(H3N8)
00 | Aimaliard_duck/Ohiol/15054285/2015(H3N8)
s AlmallardiOhio/15054012/2015(H1N1)

AAmerican,

Amallard Tonnessoa/AHO039T13/2016(H7N1)
Allesser_scaup/Kentucky/AH0012938/720 15(HTN8)
Aturkeyfindiana/16-001573-2/2016(H7N8)

100 | AMturkey/Indiana/16-001403-1/2016(H7N8)
Afurkey/indiana/16-001574-7/2016(HTN8)

1(H12NS)

Almallard/Wisconsin/1 10S3468/2011(H2N3)

Anorthem_pintailWisconsin/110S4111/2011(HEN2)

1N9)

| 'lunumwamtconsmIRM)

90| [~ Ablue-winged_tealMB/111_78372016(H7N3)

Amallard/Arkansas/150S7607/2016(HTN3)

| Aimallard/Arkansas/150S7607/2015(HN3)

,— AlGuangdongHPOO2017(H7NS)

" AShanghal01/2014(H7NG)
AQingyusn/GIRDO1/2017(HTNG)
9 L Alchicken/LongquanL Q78/2016(H7Ng)

—
001

North American lineage

H7N9/China
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@ Alchicken/Tennessee/17-008152-1/2017(H7N9)

(F) NP . =k
° 79
@ Alchicken/Tennessee/17-007147-6/2017(HTNS)
@ Alchi 008279
o 17-007147-
e 17-007147-
® 17-00714;
° 17-007147.
°
2
@ Alchicken/Tennessee/17-007147-4/2017(HTNG)
@ Alchicken/Tennessee/17-007147-572017(HTNS)

O Al o

O Alehicken/Tennessee/17-007429-3_origi2017(HTNS)

O Alchicken/Tennessee/17-007431-32017(H7NS)

L O Alduck/Alabamal17-008643-2/2017(HTN9)

99| O Alguinea_fowl/Alabama/17-008645-2/2017(H7N9)

tIO Alguinea_fowl/Alabama/17-008272-2/2017(H7NS)

91O Alguinea_fowl/Alabama/17-008646-1/2017(H7NS)

S84 | O Avchi 008899-11,

"{O Alchicken/Alabama/17-008899-1012017(H7NS)
O Alchicken/Alabama/17-008901-1/2017(HTNS)
A Abiue-winged_tealWyoming/AH0099021/2016(H7NS)
Aturkeylindliana/16-001573.212016(H7NS)
5] Aurkeyindianal16.001403-1/2016(HTNE)
Aturkeylindianal16-001574-712016(HTNS)
Aforthern_pintaillOhio/140S2209/2014(HSNS)
1001 Arnortherm_pintailOhio/14052210/2014(HSN8)
Abuffiehead/linois/4016/2009(HANE)
73| Atblue-winged_tealLouisiana/Al10-3543/2010(H4NS)
o— Ablue-winged_tealiOhio1 3052104/2013(H2N3)
Aorthern_shovelerMissouri/120S5755/2012(H10N3)
AAmerican_green-winged_tealMississippi/1105257/2011(H11N8)
|— AAmerican_green-winged_teallOhia/12082137/2012(HANE)
% _lmmvmpa_mvra-wnmmmm)
1991 Ablue-winged_tealTexas/AI11-3764/2011(H3N8)
AAmerican_green_winged_teal/MississippA0630203/2009(H7NE)
AAmerican, 1N9)
Afmallard/Calfornia/6957/2008(H10N7)
8L Agreen-winged_teallCalfornia/10197/2008(H1ONT)
L Aigreen-winged_tealTexas/Al11-4019/2011(H3NG)
Afmallard/Calfornia/1 1032/2008(N6)
AAmerican_gn X
981 Amallard/Albertal152/2006(H1N3)
Afmallard/Alberta/190/2008{mixed)
Alnorther_pintail/Wisconsin/4 198/2009(H11N9)
Avcinnamon_teallCalifornia/AH0079011/2016(H7N9)
Afblue-winged_teaVSK/109_1451/2016(H7N3)
Abiue-winged_teallMBI111_783/2016(H7N3)
Alcinnamon_teallCalfornia/AH009365072016(H7NS)
Ablue-winged_teal/SK/109_1595/2016(H7NG)
Afhorthern_pintailMinnesota/Al08-325412009(HEN2)

100

100

— Aldomestic_duck/West_Virginia/AO0140813/2008(H7N3)
Anorthem_shoveler/Guatemala/CIPO49H103-05/2011(HIN3)
[Nm_meuewmmmoswmmmm;
- Almallard/Ohio/1 1082238/2011(HSN2)
Afmallard/Maryland/110S3603/2011(HSN2)
 AJmallard/Ohio/ 1105199172011 (HIN1)
L Arbiue-winged_tealiWisconsin/11052657/2011(H4NG)
Afmallard/Wisconsin/110S3408/2011(H3N2)

- Aforthem_shovelor/Guatemala/CIPO49H104-69/2011(H11N3)
00| Afmallard/Ohio/11082232/2011(H1N1)

[ Ablue-winged_teal/Wisconsin/110S302022011(H1N1)
bl - Alblue-wingod_tealGuatomala/CIP049H103-2012011(H3N2)

E[ AlAmerican_green-winged_teal/Wisconsin/11053499/2011(H10N7)

Almallard/Wisconsin/110S3578/2011(H1ON7)
- Alblue-winged_tealTexas/Al12-3737/2012(H11N8)
83 Alcinnamon_teal/Utah/AH006715472015(H7NT)

3

75/ A/American, §_tealC:
Almallard/Utah/AHO075862/20 16(H7N3)

A Alblue-winged_tesiSK/108_T01/2016(HTNS)

Algreen-winged_teal/Missouri/13086332/2013(H10N3)

Afmallard/Calformia/57871/2015_(HANG)

Amallard/Califoria/UCD975/2015(HANG)

Amaliard/Calformia/UCDE86/2015(H4NE)

[ Anorther_shoveler/Nevada/AH0009328/2015(H7NS)

% (— A/American_green-winged_teal/Utah/AH0021680/2015(H7N3)

ANorthern_shoveler/UtahVAH0007941/2014(H7N3)

 Alturkey/California/8 19912015(HTN3)

Ainorthem_shoveler/California/AHO007018/2014(H7N3)

Alcinnamon_teal/New_Mexico/AHO013653/2015(H7N3)

A/American_green-winged_tealAH0003731/2015(H7N3)

AAmerican, d_t

8 - Alnorthern_pintail/California/AH0011848/2015(H7NT)
|| Alnorthern_shoveler/Calfornia/l DC366/2015(H7N3)

o | AMwhite_front_goose/Alaska//445210/2006(H5N2)
751 Argreater_white-fronted_goose/Alaska/d4049-046/2006(HSN2)
L Aimallard/Alberta/240/2005(H1N1)

Alest

Lmaq_mmw«mmm(nsm)

ABeiing/1/2013(H7NS)
Alchicken/Longquan/LQ78/2016(HTNS)
72 A/Guangdong/HPOO01/2017(HTNS)

North American lineage

H7N9/China
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(G)M

8] Aruddy_tumsioneiNew_Jersey/UGAI1S-3933/2015(HTN3)

Alsandering/Delaware_Bayi2252015(HTN3)

|— AlmatardiCalfornia2961/2011{H2N3)

I
L Algreter_scaup/Wisconsin/11085760/2011(H10N2)

Alnorthern_pintailAlaska/UGAI15-6995/2015(HANG)
rum_wwmw«s-m1mmmmy

Gl

Ly AAmerican toalfinterior_
]

I-Nwwmumw‘s-mﬁ(nw)

| Alnorthern_pintaillinterior_Alaska/BBM3606/2008(H3NS)
Alglsucous-winged_gullAlsska'54072011(H4NG)
Almailard/Alaska/NDO0DS301/2013(HING)
A/American_groen-winged_teal/Alaska/478/2014(H3N1)

| WAmerican tealfinterior_

i Amallard/Alberta/15/2015(HIN8)

— Almallardicsho/NDODO2648/72013(HANS)
[~ Alcackling_goosel/AlaskalUGAI15-3075/2015(HIN2)

-3

Amallard Californiar2951/2012(H10N7)

Alduck/Pennsyivania/15-030188-1/2015(HTNT)
- Alcinnamon_toal/Cafomia/AHO07801172016(H7NS)

Lwhmﬂ!wmiwmn
Adcinnamon_tealCaiformia/AH008365012016(H7NS)

| A/American_green-winged_tealAlaska/44493-588/2009(H3N8)

Aarloquin_duck/Alaska/48/2014(HIN1)
Ainorthern,_pintaillAlaska/UGAI15-6978/2015(HBN1)

Amallard/Alaskaid68/2014(HANG)

A/American_wigeon/Utah/AHODB7123/2015(HTNT)

Amorther_pintail/Alaska/86172014({HING)

Alblue-winged_tealMB/111_7832016(HTN3)
Afnorthem_pintad/Alaska/523/2014(HINS)

91 AlAmerican_green-wingad_teal/Alaskal524/2014(HING)
Aemperor_gooselAlaska/UGAI1S-6734/2015(HING)

Amallard\Ohio/15084242/2015(HIN8)
Aimallard/North_Dakota/AH005003072015(H3N8)

|- Almallard/Maryland/13052846/2013(HSN2)

L Aimallard/Wisconsin/13062767/2013(H3N8)
Amalard/Ohio/1206187/2012(H11)

I Ainorthem_shovelerMissouri/10MO0204/2010(H11N9)
Anorthem_shovelerWisconsin/11084110/2011(HANG)

Alblue-vinged_teal/Texas/AIDS-4463,200%(HANS)

Afnorthem_shovelerMississippi/236:2010(H10NT)

Almallardlinois/4 1787200%(H11NS)
Albluewinged_teal/Gustemala/CIPO4SH102-28/2011(H3N2)
AlgadwaliMissour 10084731120 10(HTN3)

Anorthem_pntal/Alaska267/2013(H4NG)
| Algreen-winged_teallAlaska238/201H3NG)

Afnorthern_shovelerWisconsin/110S3008/2011(H3N8)

|

A

AlmallardWashinglon/dS6277-7/2006(HSN2)

Ablue-winged_teal/SK/108_1451/2016(H7N3)
A Afbhue-winged_tesliSK/108_70172018(HTNS)
Anorthern_pintalCalfomia/B495/2008(HEN1)
(— AlmslardCalfomia/3588/2010(HIN3)
Aturkey/indiana/16-001403-1/2018(HTN8)
190] Apurkeylindiana/16-001573.2/2016(HTNG)

Aurkeyfindiana/18-001574-712016(HTNS)

765| Abuffeheadillinois/120S4788/2012(N8)
Albutfichoad/lllnois/ 140S3S67/2014(H4N8)
Abuffichoadlllincis/140S3609/2014(H4NS)
A/maliard/Maryland/14082911/2015(HTN3)

| Amallard/Kentucky/AH00728344/2016(H7N2)
L— Amallard/Minnesota/AHO059608/2015(HINS)

ro
Lo s
O Alguinea_fow/Alabama/17-008645-2,2017(HTNS)
| @ Alchicken/Tennessea/17-007147-62017(HTNS)
O Alguinea_fowAlabamal17-008646-172017(HTNS)
O Alguinea_fowdAlabama/17-008272-2/2017(HTNS)
O Achicken/Tennessea/17-007431-372017(HTNS)
@ Achicken/Tennessea/17-007147-7/2017(HTNS)
| @ Alchicken/Tennesseal17-007147-2/2017(H7NS)
@ Achicken/Tennessea/17-007147-52017(HTNS)

o
O 7.c

@ Achicken/Tennessea/17-007147-1/2017(HTNS)
@ Alchic 17-007147-

O Alchicken/Atabama/17-008901-1/2017(H7NS)
'O Alchicken/Alabamal17-008899-10/2017(HTNS)
|— O AlduckiAlabamal17-008643-272017(HTNS)

@ AlchickenTennessee/17-00827-6/2017(HTNS)
@ Alchicken Tennessee/17-008279-5/2017(H7NG)
@ Alchicken Tennessee/17-008279-4/2017(HTNS)
| @ AlchickenTennessee/17-008152-1/2017(HTNG)
'@ Alchicken Tennessea/17-008279-2/2017(HTNS)

AlAmerican_green-winged_feal/Texas/AHO058646/2016(HTN3)

Ffw_mm»mmmwms:

qm_mcmmvmuwnm
| Alblue-winged_tealTexas/UGAI15-6890/2015(H14NT)

ABeiing!172013(HTNS)
—

100

09| [~ Alchicken’Longquan/LQT&/2016(HTNS)
— AlGuangdong/HPO012017(HTNG)
99 AQingyuan/GIRD01/2017(H7NS)

North American lineage

H7N9/China
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(H) NS

Alduck/Zhejiang/3/2002(HON2)

Ablue-winged_teal/SK/108_1451/2016(H7N3)
98 L Alnorthern_shov

A/mallard/Ohio/15085691/2015(H4NG)
78] Algreen-winged_teallOhio/150S5695/2015(H4NG)
Anorthern_pintail_duck/Ohio/150S5702/2015(H4N6)
Ahmallard/Ohio/150S5718/2015(H4N2)
Ahmallard_duck/Wisconsin/150S7136/2015(H11N9)
Algreen-winged_teal/Ohio/150S5438/2015(H3N2)
Afmallard/Ohio/150S4288/2015(H3NG)
Alruddy_t ,_JerseylUGAI14 )
Afruddy_ ,_JerseylUGAI14-1 )
Algreen-Winged_teal/Ohio/150S4704/2015(HANG)
A/American_green-winged_teal/Ohio/130S1769/2013(H7N2)
Almallard/Ohio/11052232/2011(HIN1)
Alblue_winged_teal/Texas/UGAI15-4927/2015(H7N3)
Ablue-winged_teal/MB/111_783/2016(H7N3)

150!

Adblue-winged_teal/Ohio/13052104/2013(H2N3)
-rNAnwwin _green-winged_teal/Ohio/130S1840/2013(HEN8)
Aimallard/idaho/AH0011423/2015(HIN8)
36| Aimallard/California/UCD840/2015(HIN8)
Almallard/California/UCD736/2015(H3N8)
Almallard/California/UCD1154/2015(H11N9)

_green-winged_teal/Louisi 6(H7N3)
Alnorthem_shoveler/Lou 6(HTN3)
(HTN3)
\_green-winged_t 056591/2015(H11N9)

\_green-winged_t is/15085977/2015(HBN2)
Alblue-winged_teal/lllinois/150S6152/2015(H3N1)

I AlgadwallCalifornia/COL039/2014(HBN1)

{~ Alblue-winged_teal/Missouri/150S4769/2015(H3N2)

11083577/2011(HENS)
Aimallard/Utah/AH0075849/2016(H7N3)
Alblue-winged_teal/lowa/13082349/2013(H4N8)

— )
[—— Ainorthern_shoveler/California/LDC351/2015_(H7N4)
16(H7N3)

L 1t iforni: (! )
B{M' ,_Jersey/UGAIS. )
Alruddy_t ,_Jersey/UGAIS.

—i:mm_pimaivcammmscamwm 11N2)

\_green-winged_t ior_J 10N7)
Afmallard/interior_Alaska/11GS00015/2011(H4NE)

A/American_green-winged_tealfliinois/150S6133/2015(H7N6)
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North American lineage (A allele)
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Technical Appendix Figure 3. Relaxed clock phylogenetic tree of H7N9 virus hemagglutinin gene. The
phylogenetic relationships and temporal evolutionary history have been estimated by molecular clock
analysis. Highly pathogenic avian influenza isolates (red), low pathogenicity avian influenza virus isolates
(orange), and A/blue-winged teal/Wyoming/AH0099021/2016 (green) are indicated.
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Technical Appendix Figure 4. Nucleotide sequence alignment of complete genome sequences of H7N9
viruses, United States, 2017. Alignment of the complete genome sequences was performed using
MAFFT (http://mafft.cbrc.jp/alignment/software/). The complete genome sequence of low pathogenicity
avian influenza virus A/blue-winged teal/WWyoming/AH0099021/2016(H7N9) was placed on top of the
alignment and served as the reference. Vertical lines indicate nucleotide differences from the reference
sequence. HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA,
polymerase acidic; PB1, polymerase basic 1; PB2, polymerase basic 2.
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